Objective: The paper aims to study the prevalence of depression in epileptic children and adolescents by reviewing the existing literature, looking for any association between depression in these children and their demographic or seizure related factors to highlight the potential risk factors for depression in epileptic children.
Introduction
Epilepsy is one of the common problems in children. The occurrence of two unprovoked seizures more than 24 hours apart could indicate the presence of an epileptic disorder [1] . Most cases of epilepsy are managed efficiently by medication, and afflicted children have normal IQ and are expected to have a normal life. However, these children need to be carefully monitored for psychopathology and learning disability, as both of these are more common in epileptic children than in the general population [1, 2] .
Depression is one of the most common psychiatric disorders in epileptic children [3] . The prevalence of depression in the pediatric population according to the Isle of Wight study was 0.2% in 10 year olds and 2% in 14 year olds [4] .
More recent studies have reported higher rates of 1-5 percent among children and adolescents [5] . The prevalence of depression among children with epilepsy in different worldwide studies varies from 23% to 33% [6] [7] [8] [9] . Psychosocial risk factors of depression in epilepsy include the fear of seizure, perceived stigma, learned helplessness and pessimistic attribution, and decreased social support. Biological risk factors include family history of mood disorder, left sided focus and focus in temporal or frontal lobe [2] .
In recent years, diagnosis of depression has changed due to the refinements in the diagnostic criteria of depression in ICD-10 and DSM-IV. According to these criteria symptoms of depression should persist at least for 2 weeks, with core symptoms being present during most days [5] . The diagnosis of depression in children and adolescents is mainly clinical. However many researchers have used various screening tools and rating scales to diagnose and quantify depression. The aim of this study was to evaluate the prevalence of depression in epileptic children and adolescents by reviewing the existing literature. We also compared the findings of those studies indicating an association between depression in epileptic children and their gender, age, type of epilepsy, duration of epilepsy, age of onset and the number of antiepileptic drugs (AED) used. From a clinical perspective, we attempted to highlight the potential risk factors for depression in epileptic children, with a view to increasing the awareness of clinicians, and improving the diagnosis and management of depression among these patients.
Although there are a number of comprehensive review articles on the subject, most of them date back to at least 6 years ago. On the other hand, the changes in the diagnostic criteria of depression since the introduction of ICD-10 and DSM-IV in the mid-1990s, and the introduction of new generations of AEDs within the past 15 years have had a considerable impact on the clinical presentation, diagnosis and management of depression in epileptic children. The study therefore has intended to review the original articles published in the last 15 years in order to reflect recent changes in the prevalence of depression among children with epilepsy.
Subjects and Methods
A search of MEDLINE, NLM Gateway, Ovid and EMBASE was carried out using the keywords epilepsy, epileptic, depression, depress, child, children, adolescent, psychiatric comorbidity and seizure. The search was limited to English language papers published during the last 15 years. The original articles which studied only epileptic children and adolescents, evaluated depression as the comorbidity of epilepsy, and described demographic and epilepsy-related variables associated with depression in epilepsy, were included in this study.
The literature search resulted in 38 studies that met the criteria to varying extents. Initially, 100 studies were identified that addressed depression in individuals with epilepsy. However, 62 studies were excluded as they focused on depression as comorbidity in adults. Of the 38 studies included, those mentioning depression as only a component of the affective or emotional comorbidity of epilepsy -rather than a distinct condition -were excluded. Of the remaining 20 articles, a further 9 were excluded due to being review articles and meta-analyses, leaving 11 articles for final review. The references of the initially qualifying 38 articles were also reviewed in order to find further relevant studies, yielding no new results.
Findings
The main 11 articles included in this study reported data on 1095 epileptic children and adolescents aged 4-19 years. All studies were designed as cross-sectional studies, however they were characterized by considerable variability in the population setting and sample sizes (max=173; min=35). The number of female and male participants in most studies to be almost similar (Fig 1) . Table 1 . The results are organized into two main categories: firstly the prevalence of depression, and secondly, the factors associated with the development of depression in epilepsy; bearing in mind the interdependence between the two. Prevalence of depression among children with epilepsy: Review of the papers showed that the prevalence of depression among epileptic children and adolescents aged 4-19 years, ranges from 5.2% [10] to 39.6% [11] . The rate of depression in referral centers for epilepsy has been extremely higher in one study [12] . They showed more than 70% of all referred epileptic children have suffered from a psychiatric disorder, with the most common being depression at the rate of 36.4%. Another study [10] showed that most of the depressed children had co-morbidities of disruptive (28%) or anxiety (3.5%) disorders. Children with co-morbid affective/anxiety or disruptive disorders were more likely to suffer from depression than children with only mood disorders. Suicidal ideation among epileptic patients was 20% and 12 times more common in patients with co-morbid anxiety/depressive or disruptive disorders. Interestingly, the rate of depression in epileptic children with or without suicidal ideation was the same [10] . One of the remarkable findings of this review was the results of Turky et al study [11] in 2007. They showed that according to the results of parent-report measures, 39.6% of children with epilepsy were depressed; while based on selfrating scales this rate was 23.1% (Fig. 2) . Demographic and epilepsy related factors and depression prevalence: Regarding demographic factors of samples, only two studies found a correlation between gender and the rate of depression [10, 11] . They indicated that females with epilepsy were more likely to have depression than males. Considering the age as a risk factor for developing depression, three studies have stated the tendency to developing depression is higher in epileptic adolescents and older age groups [9, 10, 12] . Epilepsy-related factors including seizure duration, age of onset, type of epilepsy, and the number of AEDs used by epileptic children were studied by reviewing the eleven studies. Only two studies stated longer duration of epilepsy to be a likely correlated factor for developing depression in children [9, 13] . Four studies in this review showed that focal epilepsy was more significantly associated with depression than generalized epilepsy [10, [12] [13] [14] . The association between the development of depression in epileptic children and polytherapy with anti-epileptic drugs was found in three studies [9, 13, 15] .
Discussion
Clinical investigations and other research studies during the last two decades have revealed that depression is one of the most frequent psychopathologies among epileptic individuals. Moreover, a number of risk factors and comorbid disorders have been found that may impact the rate of depression in epileptic children. The results of the current study show that the prevalence of depression among epileptic children and adolescents ranges from 5.2% [10] to 39.6% [11] . Caplan et al stated that epileptic children have comorbid psychiatric problems, and the prevalence of comorbid depression and disruptive disorders in these patients is 28.5% [10] . The wide range of prevalence and inconsistency of the results may be related to several factors. Firstly, different methods for assessing depression have been used, e.g. structured or semi-structured interviews, self report scales such as CDI, or parent rated measures such as SDQ or DISC-IV (Table 1) .
In one study, Turky et al [11] reported the rate of depression according to parent-rated instruments to be 39.6%, whereas in the self report assessments for the same sample it was 23%. This discrepancy could reflect the possibility that some children may not be fully aware of the impact of seizure on their lives. Secondly, different sample sizes -ranging from 35 in some studies [9, 16] to 173 in another [8] -and dissimilar designs of studies, as well as various methods of recruiting of samples could affect the results. Some patients were recruited from community [8] while some others from tertiary or referral centers [12] . Lastly, the time of the study can be important, as the prevalence of depression has increased in parallel with the recent changes in diagnostic criteria of ICD-10 and DMS-IV (Fig. 3) . Regarding demographic factors e.g. age and gender of samples, Caplan et al [10] indicated that there has been a tendency for epileptic patients with affective and anxiety disorders to be female (63% vs 43%), however, the correlation was not significant. Turky et al [11] showed that female gender was an independent predictor for depression in epileptic subjects (73.7% vs 26.3%, P=0.04). Although the literature suggests that adolescent girls are athigher risk of depression than boys in general population, this review does not find such an association to be consistent in epileptic children. Some research has shown that psychosocial and behavioral problems are more likely in epileptic girls than boys, especially in adolescents [17] . This seems to be accounted for by girls being more realistic than boys, and boys being usually more optimistic. In adolescents depression and emotional disorders measures are mostly selfrated and based on own perception and selfconcept of participants. Therefore, girls may selfscore higher than boys on depression assessment. On the whole, this review could not find a correlation between the rate of depression and gender in epileptic individuals.
With regard to age as a risk factor for depression in epileptic children, Caplan et al [10] stated that in epileptic children with anxiety and affective disorders, those with depression were in the older age group; however the relation was not significant. In Oguz et al study [9] depression was significantly more frequent in 12-18 year olds than the 9-11 year old group (P<0.05). ThomeSouze et al [12] showed that depression has been diagnosed in 75% of epileptic adolescents (13-17 years) compared to 25% in epileptic children aged <6 years (P<0.0001). Other studies in this review did not confirm age as a risk factor for depression. Differences between the results of these eleven studies may be related to the use of various measures for depression screening by different researchers. Some studies measured depression using a parent report scale, especially for younger groups. With depressive disorders generally categorized as internalizing conditions, it is likely that parents are not aware of the depressive nature of their children's symptoms. This suggests that children are more accurate reporters of internalizing problems, including depression, than parents.
Seizure-related factors including seizure duration, type of epilepsy, age of onset, and the number of AEDs used by epileptic children were evaluated in all 11 studies, and different results emerged. Considering the duration of epilepsy, Oguz et al [9] indicated that in epileptic children with seizure duration longer than 3 years, depression is more likely to develop (P<0.05). A similar finding by Roeder et al [13] showed that longer duration of epilepsy increased the severity of depressive symptoms. In contrast, Jones et al [14] Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir) indicated that children with recent onset epilepsy presented a higher rate of depressive disorders compared to controls (22.6% vs 4%, P=0.01). Some of children with epilepsy (45%) showed some degrees of psychiatric disorders before their first seizure, of which 20.8% had depression. The authors stated that the rate of depression did not differ before and after the presence of seizure, suggesting underlying factors other than chronicity of epilepsy or AEDs may increase the risk of psychopathology. In our review, the association of depression with duration of epilepsy was found to be inconsistent. Several factors including different rating scales and diagnostic measures, different sample sizes and different study designs may have contributed to this discrepancy. Rather uniquely among reviewed studies, Oguz et al divided the cases into two groups according to duration of epilepsy (less than 3 years, and more than 3years), which probably influenced the results and showed a higher rate of depression in the longer duration group.
We could not find any correlation between developing depression and age of onset of seizures in this review. However, studies on population based sample of epileptic children showed that children with early onset epilepsy (<4 years) are more likely to have behavioral problems (P<0.001) [18] . These children did not develope depressive symptoms and their behavioral problems can be explained by long term use of anti-epileptic drugs.
Regarding the association of depression with the type of seizure, Roeder et al showed that diagnosis of focal seizures was correlated with severe depressive symptoms (P<0.05) in 96 participants [13] . Three other studies stated depression and other psychiatric disorders to be more frequent in children with focal seizure [10, 12, 14] . However, the whole results of our review did not support this association, which may reflect different sample sizes and different ages of participants, as well as various methods of measuring depression used by the researchers.
Finally, a few studies showed the association between depression and the number of antiepileptic drugs. Roeder et al [13] stated that greater number of AEDs was independently associated with severe symptoms of depression, suggesting the number of AEDs to be a risk factor for undetected symptoms of depression. Oguz et al [9] stated that depression was significantly higher in patients receiving more than one AED, compared to monotherpay (P<0.05). There are numerous studies in the literature investigating the effect of AEDs on cognitive function or behavior in elipleptic children, although the results are quite contradictory [19] . Establishing an association between AEDs and the symptoms of depression in epileptic children was found to be fraught with difficulties; due to side effects of AEDs immitating the symptoms of depression or behavioral problems, e.g. sleep problems, change in appetite, concentration difficulties or psychomotor retardation [10] . Plioplys [20] stated that the depressogenic effect of AEDs cannot explain development of depression in children per se; suggesting this effect to be related to the side effects of individual drugs. More specifically, Brent et al [21] showed an association between depression and phenobarbital compared to carbamazepine, and demosntrated a much higher prevalence of major depression (40% vs 4%) in epileptic children treated with phenobarbital. Overall, it seems that the effect of AEDs on the development of depression needs further investigation.
Conclusion
In this study we reviewed the original articles published in the past 15 years on the prevalence of depression in epileptic children and adolescents, and its association with demographic and seizure variables. Our study shows that depression continues to be very common in epileptic children and adolescents, indicating that pediatricians and other physicians working with epileptic children should have a high index of suspicion for this comorbid condition. Clearly, better preventive strategies, early diagnosis and more comprehensive packages of care for depression in children with epilepsy will enable them to have a better quality of life.
The results, on the whole, do not support the presence of an association between depression and age, gender, duration of epilepsy, type of epilepsy, time of onset and the number of AEDs used in children and adolescents, although a few studies found a significant association for depression and some of the above mentioned factors. In the last decade newer generation of AEDs with differing side effect profiles, have been used extensively in children. Some of these new AEDs are now used as anti-depressant or antianxiety agents in adults but it is not clear how they affect emotional state of epileptic children. Further studies, in particular randomized clinical trials focusing on particular new AEDs are needed to clarify the ambiguities arising from polypharmacy. Uncertainties due to the changing pattern of coping strategies in children, especially during the pre-pubertal and early pubertal period, could be similarly elucidated by studying specific age subgroups.
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